Abstract: Nine preplant herbicides were tested for the control of glyphosate-resistant (GR) Canada fleabane in corn. At eight weeks after treatment (WAT), the herbicides that resulted in the greatest control and least amount of density and biomass of GR Canada fleabane were dicamba/atrazine (99%), mesotrione + atrazine (97%), saflufenacil/dimethenamid-p (97%), and dicamba (94%).
Among the many challenges in agriculture, one of the current issues is the control of glyphosate-resistant (GR) weeds. For many years, glyphosate has provided growers with flexible, economical, and broad spectrum weed control (Gustafson, 2008) . However, with the development of GR weeds, growers have had to return to alternative weed control options and not rely solely on glyphosate.
Canada fleabane (Conyza canadensis) is a challenging weed to control, in part due to its prolonged emergence period (Main et al. 2006) . It is well adapted to no-till cropping systems and with the evolution of GR fleabane, the challenge to control this weed becomes amplified. Canada fleabane was first reported to be GR in 2000 (VanGessel, 2001) . Since then, it has been identified in Brazil, Canada, China, the Czech Republic, Greece, Italy, Poland, Spain, and in 21 USA states (Heap 2013) . In Canada, Byker et al. (2013) reported that GR Canada fleabane was present at 155 sites in Ontario alone and distributed across the counties of the Elgin, Essex, Haldimand, Huron, Kent, Lambton, Middlesex, and Niagara regions. Glyphosate-resistant Canada fleabane is now confirmed in 28 Ontario counties from Essex county in the southwest to Glengarry county on the Quebec border (Chris Budd, personal communication). Currently there is very little published information available for the control of GR Canada fleabane in corn. Therefore, the objective of this research was to evaluate the efficacy of nine commonly used preplant (PP) herbicides in corn for the control of GR Canada fleabane.
Six field trials were conducted between 2013 and 2015 in growers fields located near Blenheim, Morpeth, Mull, and Ridgetown, Ontario. Field trials were established as a randomized complete block design (RCBD) with four replications. Corn was seeded to a depth of 4 cm at approximately 80 000 seeds ha −1 . Each plot was 2.25 m wide (3 rows spaced 75 cm apart) and 8.0 m long. All herbicide treatments were applied within three wk PP on fleabane that was less than 10 cm in height, and are listed in Table 1 . The weed-free treatment was maintained weed free with glyphosate (900 g a.i. ha
) applied PP followed by hand hoeing as required. Herbicide treatments were applied with a CO 2 -pressurized backpack sprayer equipped with Hypro ULD120-02 nozzle tips (Hypro, New Brighton, MN) calibrated to deliver 200 L ha −1 of water at 200 kPa. Herbicide applications were made with a 1.5 m boom with four nozzles spaced 50 cm apart. Control of GR Canada fleabane was visually estimated on a scale of 0% (no control) to 100% (complete control) at 4 and 8 wk after treatment (WAT). Glyphosateresistant Canada fleabane density and dry weight were determined 8 WAT by counting and then cutting the Canada fleabane at the soil surface from 1 square meter in each plot. Plants were dried at 60°C for a minimum of 3 d and then weighed.
Data were analyzed as an RCBD using PROC MIXED in SAS 9.4 (SAS 2013). Herbicide treatment was considered a fixed effect, while environment (year-location combinations), the interaction between environment and herbicide treatment, and replicate nested within environment were considered random effects. Significance of the fixed effect was tested using F-test and random effects were tested using a Z-test of the variance estimate. The UNIVARIATE procedure was used to test data for normality and homogeneity of variance. The untreated control (for control ratings) and the weed-free control (for density and dry weight) were excluded from the analysis. However, all values were compared independently to zero to evaluate treatment differences with the untreated control. To satisfy the assumptions of the variance analyses, weed control was arcsine square root transformed, and density and dry weight were log transformed. Treatment comparisons were made using Fisher's Protected least significant difference (LSD) at a level of P < 0.05. Data compared on the transformed scale were converted back to the original scale for the presentation of results.
Overall, dicamba/atrazine, mesotrione + atrazine, and saflufenacil/dimethenamid-p consistently provided equivalent weed control (4 and 8 WAT, weed dry weight and density) compared with the weed-free treatment. Davis et al. (2010) reported that spring applications of saflufenacil provided excellent control of Canada fleabane by reducing densities more than 90%. The results from this study are also similar to the results reported by Ford et al. (2014) , who found that saflufenacil/ dimethenamid-p applied PP provided control of GR Canada fleabane that was similar to weed-free treatment.
At 4 and 8 WAT, rimsulfuron + s-metolachlor + dicamba applied PP controlled GR Canada fleabane 90% and 92%, respectively, which was equivalent to the weed-free treatment at 8 WAT, but less than the control at 4 WAT. At 8 WAT, rimsulfuron + s-metolachlor + dicamba applied PP decreased GR Canada fleabane density and dry weight such that it was similar to the weedfree treatment. At 4 and 8 WAT, dicamba applied postemergence (POST) controlled GR Canada fleabane 89% and 94%, respectively, which was equivalent to the weed-free treatment at 8 WAT, but less than the control at 8 WAT. Similarly, Kruger et al. (2010) reported that dicamba provided a high level of control of GR Canada fleabane. At 4 and 8 WAT, isoxaflutole + atrazine applied PP resulted in control that was less than the weed-free treatment, but the density and dry weight at 8 WAT were similar to the weed-free treatment.
At 4 and 8 WAT, atrazine, flumetsulam, and s-metolachlor/atrazine applied PP did not provide acceptable control of GR Canada fleabane at 48% to 49%, 51% to 53%, and 68% to 71%, respectively. GR Canada fleabane density and dry weight was greater than the weed-free Treatment components separated by a plus (+) were combined at the time of mixing. Those separated by a slash (/) were provided as a premixed formulation. ). treatment with atrazine, flumetsulam, and s-metolachlor/atrazine. Ford et al. (2014) reported that s-metolachlor/atrazine (1800 g a.i. ha −1 ) did not provide effective control of GR Canada fleabane, which is consistent with the results from this study. The results from this study conclude that the most efficacious herbicides applied PP for the control of GR Canada fleabane in corn are dicamba/atrazine, mesotrione + atrazine, and saflufenacil/dimethenamid-p. This information will be effective in moving forward with the management of GR Canada fleabane by providing growers with alternative herbicides in-crop as well as by increasing herbicide diversity within cropping systems.
